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(g) Semiconductor integrated circuit having means for suppressing a variation In a threshold level due 
to temperature variation. 



@ A semiconductor integrated circuit Includes an input circuit (10) having a CMOS Inverter (Q1. Q2) and 
receiving an input signal. The input circuit has a threshold level (Vth) which detennines an output level 
of the input circuit with respect to the input signal. The integrated circuit includes an intemal circuit (14) 
receiving the input signal via the input circuit, the intemal circuit receiving a first power supply voltage 
(Vcc). A power source (12) generates a second power supply voltage (Vcont) applied to the input circuit 
so that the second power supply voltage changes to cancel a change in the threshold level due to a 
temperature variatton. 
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BACKGROUND OF THE INVENTION 

(1) Field of the Invention 

The present Invention generally relates to semi- 
conductor integrated circuits, and more particularly to 
a semiconductor integrated circuit having means for 
suppressing a temperature-related variation in a 
threshold level. 

(2) Description of the Related circuit 

Generally, an Integrated circuit formed on a semi- 
conductor chip is composed of an input circuit, an 
internal circuit and an output circuit, as shown in 
FIG.1A. A common power supply line L is provided in 
common to the input circuit, the internal circuit and the 
output circuit. Electricity is supplied to the input circuit, 
the internal circuit and the output circuits via a pair of 
power supply lines, one of which is maintained at a 
high potential and the other one of which Is main- 
tained at a low potential. The common power supply 
line Lshown In FIG.1A Is one of the pair of power sup- 
ply lines. 

Generally, the output circuit consumes much 
more energy than the input circuit and the intemal cir- 
cuit Thus, when a large number of internal elements, 
such as transistors, executes a switching operation, a 
large variation occurs in current passing through the 
output circuit The above current variation causes a 
change in potential of the power supply line L This 
change In potential of the power supply line L causes 
various problems in the input circuit and/or the intemal 
circuit. 

When the input circuit is composed of CMOS 
(Complementary Metal Oxide Semiconductor) ele- 
ments, It includes a CMOS inverter. When the input 
circuit is composed of a BiCMOS (Bipolar-Metal 
Oxide Semiconductor) circuit, the input circuit 
includes a CMOS inverter In the first stage of the BiC- 
MOS circuit 

The CMOS Inverter has a threshold level Vth. 
When an input signal has a level higher than the 
threshold level Vth, the CMOS inverter outputs a low- 
level signal. When the input signal has a level lower 
than the threshold level Vth, the CMOS Inverter out- 
puts a high-level signal. The CMOS inverter is conv 
posed of a pair of p-channel MOS transistor (hereafter 
simply referred to as a pMOS transistor) and n-chan- 
nel MOS transistor (hereafter simply referred to as an 
nMOS transistor), both of which are connected in 
series. 

F1G.1 B is a graph of drain voltage (Vqd) vs. drain 
cunrent (Id) characteristics of the pMOS and nMOS 
transistors. V^ through Vts are gate voltages of the 
pMOS and nMOS transistors. Reference numerals ® 
through ® indicate cross points where the Vdd-Iq 
characteristics of the pMOS transistor cross those of 



the nMOS transistor. At cross point ®, the nMOS 
transistor is OFF, and the pMOS transistor is ON. At 
cross point (D, the nMOS transistor operates In a 
saturated area, and the pMOS transistor operates in 

5 a linear area. At cross point (D, both the nMOS and 
pMOS transistors operate in respective saturated 
areas. At cross point ®, the nMOS transistor oper- 
ates in a linear area, and the pMOS transistor oper- 
ates in the saturated area. At cross point (§). the 

10 nMOS transistor Is ON, and the pMOS transistor Is 
OFF. The threshold level Vth con'esponds to a drain 
voltage obtained at cross point ®. That is. the 
threshold level Vth corresponds to an identical drain 
voltage of the pMOS and nMOS transistors when 

15 these transistors are in the saturated areas. When the 
nMOS and pMOS transistors have good complemen- 
tary characteristics (for example, when pn ~ pp and 
Vthn = Vthp where pn and pp are, respectively, cur- 
rent transfer ratios of the nMOS and pMOS transistors 

20 and Vthn and Vthp are respectively the threshold 
levels of the nMOS, and the pMOS transistors). The 
threshold level Vth of the CMOS inverter is equal to 
Vdd/2. 

The drain current Id of a MOS transistor when it 

25 is in the saturated area can be written as follows: 
Id = p(Vin - Vth)2/2 
p = nCoxW/L 
where p Is the current transfer ratio of the MOS tran- 
sistor, Vin is the input voltage applied to the MOS tran- 

30 sistor, \i is the mobility, Cox is the thickness of an 
oxide film, W Is the width of the gate of the MOS tran- 
sistor, and L is the length thereof. 

The mobility ^ of the MOS transistor decreases as 
its temperature increases. Hence, as temperature 

35 increases, both the current transfer ratio p and the 
drain current Id decrease. Since the mobility of holes 
is much greater than that of electrons, diminutions in 
^, p and Id of the pMOS transistor due to temperature 
variations are greater than those of the nMOS transis- 

40 tor. Thus, as shown in F1G.1C, the cross point ® 
nnoves to a cross point @', and thus, the threshold 
level Vth of the CMOS inverter increases. This 
change in the threshold level Vth causes malfunctions 
of the Input circuit 

45 

SUMMARY OF THE INVENTION 

It is a general object of the present invention to 
provide a semiconductor integrated circuit in which 
50 the above disadvantage is eliminated. 

A more specific object of the present Invention is 
to provide a semiconductor integrated circuit in which 
a variation in the threshold level of the input circuit due 
to temperature variations can be suppressed through 
55 an improvement in the power supply system. 

The above objects of the present invention are 
achieved by a semiconductor Integrated circuit conrv 
prising: an input circuit having a CMOS inverter and 
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receiving an input signal, the Input circuit having a 
threshold level which determines an output level of 
the input circuit with respect to the input signal; an 
internal circuit receiving the input signal via the input 
circuit, the Internal circuit receiving a first power sup- 
ply voltage; and a temperature-compensated power 
source, coupled to the input circuit, for generating a 
second power supply voltage applied to the input cir- 
cuit so that the second power supply voltage changes 
to cancel a change in the threshold level due to a tem- 
perature variation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects, features and advantages of the 
present invention will become more apparent from the 
following detailed description when read in conjunc- 
tion with the accompanying drawings, in which: 
FIG.1 A Is a block diagram of a conventional semi- 
conductor integrated circuit; 
FIG.1 B Is a graph of characteristics of pMOS and 
nMOS transistors which forni a CMOS inverter, 
FiG.ICIs a graph showing a disadvantage of the 
CMOS Inverter; 

FIG.2 is a block diagram showing an outline of the 
present invention; 

FiG.3 is a circuit diagram of an input circuit shown 
in FIG.2; and 

FIG.4 is a circuit diagram of a temperature-com- 
pensated power source shown in FIG.2. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

FIG.2 shows an outline of the present invention. 
An integrated circuit shown in FIG.2 Is composed of 
an Input circuit 10, a temperature-compensated 
power source 12, an intemal circuit 14 and an output 
circuit 16. The temperature-compensated power 
source 12, the intemal circuit 14 and the output circuit 
1 6 are commonly connected to a power supply line LI , 
which is maintained at a first power supply voltage Vcc 
(potential with respect to a ground level). The tem- 
perature-compensated power source 12 generates a 
second power supply voltage Vcont which is immune 
to temperature variations. That is, the second power 
supply voltage Vcont is constant even when the first 
power supply voltage Vcc changes due to a tempera- 
ture variation. The Intemal circuit 14 is, for example, 
a memory cell array, a logic circuit, a gate array, a 
standard cell array or the like. The output circuit 18 
includes, for example, a driving circuit for amplifying 
a signal firom the intemal circuit 14 and outputttng an 
amplified signal to a next-stage circuit or an external 
device. 

As shown in F1G.3, the input circuit 10 includes a 
CMOS Inverter composed of a pMOS transistor Q1 
and an nMOS transistor Q2, both which are connec- 



ted in series between the power supply line L2 and the 
ground. An input voltage Vin is applied to the gates of 
the nMOS and pMOS transistors Q1 and Q2. An out- 
put voltage of the CMOS Inverter is applied, together 

5 with the Input voltage Vin, to a gate circuit 14a of the 
Intemal circuit 14, As has been described previously, 
the threshold of the CMOS inverter increases as the 
temperature increases. The second power supply 
voltage Vcont generated by the temperature-compen- 

10 sated power source 1 2 decreases as the temperature 
Increases. 

FIG.4 is a circuit diagram of the temperature-conv 
pensated power source 12 shown in FIG.2. As shown 
in FIG,4, the temperature-compensated power 

15 source 1 2 is composed of a temperature compensat- 
ing block 12A and a voltage setting block 12B. The 
temperature compensating block 12A is comprised of 
transistors T1, T2 and T3, diodes D1 and D2 and 
resistors R1 , R2, R3 and R4. The voltage setting block 

20 12B is composed of transistors T4, T5 and T6, and 
resistors R5, R6 and R7. 

The transistor T1 and the resistor R2 form a con- 
stant-current source, which generates a constant cur- 
rent 11 based on the resistor R2 and a fixed voltage 

25 Vs from an external circuit The transistor T4 and the 
resistor R5 fonn a constant-current source, which 
generates a constant current 12 based on the resistor 
R5 and the fbced voltage Vs. The transistor T6 and the 
resistor R6 form a constant-cunrent source, which 

30 generates a constant current 13 based on the resistor 
R6 and the fixed voltage Vs. 

A current passes from the power supply line LI 
(Vcc) to a ground line (having the ground level GND) 
via the resistor R1, the base and emitter of the tren- 
ds sistor T2, the diode D2, the base and emitter of the 
transistor T3 and the resistor R4. Thus, the transistors 
T2 and T3 are ON, and a cun-ent 14 passes from the 
power supply line LI to the ground line via the resistor 
R7, the transistor T3 and the resistor R4. At this time, 

40 a voltage drop is developed across the resistor R7 
due to the currents 12 and 14 and the base current of 
the transistor T5. The output voltage Vcont is equal to 
the voltage obtained by subtracting from the power 
supply voltage Vcc the sum of the voltage drop 

45 developed across the resistor R7, and the base-em'h 
tter voltage Vbe of the transistor T5 (equal to about 
0.8V). 

For example, Vcc = 5.2V, R1 = 14kn. II = 0.2mA 
and 12 = 0.04mA. When Vbe ^ 0.8V and the voltage 

so drop of the diode D2 Is ^ 0.8V, the emitter of the tran- 
sistor T3 has a potential of OV. In this state, there is 
less current passing through the transistor T3 even 
though the transistor T3 is ON. Thus, nonmally, the 
base potential of the transistor T5, that Is. the output 

55 voltage Vcont is determined by the current 12 and the 
resistor R7. 

The diode D2 has a voltage drop Vp (junction 
potential) equal to about 0.8V in the ON state. The 
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voltage drop Vp of the diode D2 decreases as the tem- 
perature increases. Thus, the current passing from 
the power supply line LI to the ground line via R1 , T2, 
D2, T3 and R4 increases as the temperature 
increases, and thus the transistor T3 increases the 
current 14. Thus, the voltage drop developed across 
the resistor R7 Increases, and the output voltage 
Vcont decreases. The magnitude of the decrease in 
the output voltage Vcont can be adjusted by the col- 
lector current 14 and the resistor R7. In the manner 
described above, It becomes possible to suppress an 
increase in the threshold level Vth of the input circuit 
10 due to an increase In the temperature. 

It can be seen from FIG.1C that the threshold 
level Vth of the input circuit 10 can be adjusted by 
adjusting the power supply voltage Vcont applied to 
the input circuit 10. That is, although the cross point 
® tends to move to the cross point (Sy when the tem- 
perature increases, because the power supply volt- 
age Vcont decreases as the temperature increases, 
a decrease in the power supply voltage Vcont pre- 
vents the cross point ® from moving to the cross point 
(gy. In this manner It becomes possible to maintain the 
position of the cross point 3 even though the tempera- 
ture changes. 



Claims 

1. A semiconductor integrated circuit comprising: 

an Input circuit (10) having a CMOS Inver- 
ter (Q1, Q2) and receiving an input signal, said 
input circuit having a threshold level (Vth) which 
detemnines an output level of the input circuit with 
respect to the input signal; and 

an Internal a'rcuit (14) receiving said input 
signal via said input circuit, said internal circuit 
receiving a first power supply voltage (Vcc)> 

characterized In that said semiconductor 
integrated circuit comprises power source means 
(12), coupled to said input circuit, for generating 
a second power supply voltage (Vcont) applied to 
said input circuit so that said second power sup- 
ply voltage changes to cancel a change in the 
threshold level due to a temperature variation. 

2. A semiconductor integrated circuit as claimed in 
daim 1. characterized in that said power source 
means comprises means (12A, 12B), connect- 
able to receive said first power supply voltage, for 
generating said second power supply voltage 
from said first power supply voltage. 

3. A semiconductor integrated circuit as claimed in 
daim 1, characterized in that said power source 
means comprises means (12A, 12B) for increas- 
ing the threshold level as the temperature dec- 
reases and for decreasing the threshold level as 



the temperature Increases. 

4. A semiconductor Integrated circuit as daimed In 
claim 1, characterized in that said power source 

5 means comprises: 

a transistor (T5) having a collector receiv- 
ing said first power supply voltage, an emitter at 
which said second power supply voltage is 
obtained, and a base; and 

10 temperature compensating means (12A), 

coupled to said transistor, for generating a base 
voltage applied to the base of said transistor so 
that the base voltage changes due to the tem- 
perature variation. 

IS 

5. A semiconductor Integrated circuit as daimed in 
claim 4, characterized in that said temperature 
compensating means comprises means (12A) for 
generating the base voltage so that the base volt- 

20 age decreases as the temperature increases. 

6. A semiconductor integrated circuit as daimed in 
claim 1, characterized In that said power source 
means comprises: 

25 a first transistor (12) having a collector 

receiving said firet power supply voltage, a base 
and an emitter; 

a first constant-current source (T1, R2) 
connected between the base of said first transis- 
30 tor and a reference portion set at a reference volt- 
age lower than said firet power supply voltage; 

a firet resistor (R1) connected between the 
collector and base of said firet transistor; 

a firet diode (D2) having an anode connec- 
35 ted to the emitter of said firet transistor and a 
cathode; 

a second transistor (T3) having a base 
connected to the cathode of said firet diode, a col- 
lector and an emitter; 
40 a second resistor (R3) coupled between 

the base of said second transistor and said refer- 
ence portion; 

a third transistor (T5) having a collector 
receiving said firet power supply voltage, a base 
45 connected to the collector of said second transis- 
tor, and an emitter at which said second power 
supply voltage is obtained; 

a third resistor (R7) connected between 
the collector and base of said third transistor; 
so a second constant-current source (T4, R5) 

connected between the base of said third transis- 
tor and said reference portion; and 

a third constant-current source (T6, R6) 
connected between the emitter of said third tran- 
55 sistor and said reference portion. 

7. A semiconductor integrated circuit as daimed in 
claim 6, characterized in that said power source 



EP 0 477 088 A2 



means comprises a second diode (D1) having an 
anode connected to the cathode of said first 
diode, and a cathode connected to the base of 
said first transistor. 

5 

8. A semiconductor integrated circuit as claimed in 
daim 7, characterized in that said first, second 
and third constant-current sources have respec- 
tive tenminals receiving a common control voltage 

(Vs) which determines the amounts of constant io 
currents respectively generated by said first, sec- 
ond and third constant-current sources. 

9. A semiconductor integrated circuit as ciaimed in 
daim 1, characterized by further comprising an is 
output circuit (16) amplifying a signal from said 
internal circuit, said output circuit receiving said 

first power supply voltage. 

10. A semiconductor integrated circuit as claimed in 20 
daim 1, characterized in that said second power 
supply voltage (Vcont) is lower than said first 
power supply voltage (Vcc)* 
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@ Semiconductor integrated circuit having means for suppressing a variation In a threshold level due 
to temperature variation. 

StS A semiconductor integrated circuit includes 
^ an input circuit (10) having a CMOS inverter 

(Q1, 02) and receiving an input signal. The 

Input drcuH has a threshold level (Vth) which 

detcmiines an output level of the input circuit 

with respect to the Input signal. The integrated 

circuit Includes an internal drcuit (14) receiving 

the input signal via the input circuit, the internal 

drcuit receiving a first power supply voltage 

(Voc)- A power source (12) generates a second 

power supply voltage (Vcont) applied to the 

input drcuit so that the second power supply 

voltage changes to cancel a change in the 

threshold level due to a temperature variation. 
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Description 

BACKGROUND OF THE INVENTION 

(1) Field of the Invention 5 

The present invention generally relates to semicon- 
ductor integrated circuits and more particularly to a sem- 
iconductor integrated circuit having means for sup- 
pressing a temperature-related variation in a threshold io 

level. 

(2) Description of the Related circuit 

Generally, an integrated circuit formed on a semi- '5 
conductor chip is composed of an input circuit, an inter- 
nal circuit and an output circuit, as shown in FIG.1 A. A 
common power supply line L is provided in common to 
the input circuit, the internal circuit and the output circuit. 
Electricity is supplied to the input circuit, the internal cir- 
cuit and the output circuit via a pair of power supply lines, 
one of which is maintained at a high potential and the 
other one of which is maintained at a tow potential. The 
common power supply line L shown in FIG.1 A is one of 
the pair of power supply lines. 

Generally, the output circuit consumes much more 
energy than the input circuit and the internal circuit. 
Thus, when a large number of internal elements, such 
as transistors, executes a switching operation, a large 
variation occurs in current passing through the output 
circuit. The above current variation causes a change in 
potential of the power supply line L. This change in po- 
tential of the power supply line L causes various prob- 
lems in the input circuit and/or the intemal circuit. 

When the input circuit is composed of CMOS (Com- 
plementary Metal Oxide Semiconductor) elements, it in- 
cludes a CMOS inverter. When the input circuit is com- 
posed of a BiCMOS (Bipolar-Metal Oxide Semiconduc- 
tor) circuit, the input circuit includes a CMOS inverter in 
the first stage of the BiCMOS circuit. 

The CMOS inverter has a threshold level Vth. When 
an input signal has a level higherthan the threshold level 
Vth, the CMOS inverter outputs a low-level signal. When 
the input signal has a level lower than the threshold level 
Vth, the CMOS inverter outputs a high-level signal. The 
CMOS inverter is composed of a transistor pair: a p- 
channel MOS transistor (hereafter simply referred to as 
a pMOS transistor) and an n-channel MOS transistor 
(hereafter simply referred to as an nMOS transistor), 
both of which are connected in series. 

FIG.1 B is a graph of drain voltage (Vqq) vs. drain 
current (Iq) characteristics of the pMOS and nMOS tran- 
sistors. Vj^ through V|5 are gate voltages of the pMOS 
and nMOS transistors. Reference numeralsOthrough 
©indicate cross points where the Vqd-Iq characteristics 
of the pMOS transistor cross those of the nMOS tran- 
sistor. At cross pointQ the nMOS transistor is OFF. and 
the pMOS transistor is ON. At cross point® the nMOS 



transistor operates in a saturated area, and the pMOS 
transistor operates in a linear area. At cross point Qt 
both the nMOS and pMOS transistors operate in respec- 
tive saturated areas. At cross point® the nMOS tran- 
sistor operates in a linear area, and the pMOS transistor 
operates in the saturated area. At cross point® the 
nMOS transistor is ON. and the pMOS transistor is OFF 
The threshold level Vth corresponds to a drain voltage 
obtained at cross point® That is, the threshold level 
Vth corresponds to an identical drain voltage of the 
pMOS and nMOS transistors when these transistors are 
in the saturated areas. When the nMOS and pMOS tran- 
sistors have good complementary characteristics (for 
example, when pn = Pp and Vthn = Vthp where pn and 
Pp are, respectively, current transfer ratios of the nMOS 
and pMOS transistors and Vthn and Vthp are respec- 
tively the threshold levels of the nMOS, and the pMOS 
transistors). The threshold level Vth of the CMOS Invert- 
er is equal to Vdq/2. 

The drain current Iq of a MOS transistor when it is 
in the saturated area can be written as follows: 

lD = P(Vin-Vth)^/2 
p =^CoxW/L 

where p Is the current transfer ratio of the MOS transis- 
tor, Vin is the input voltage applied to the MOS transistor, 
is the mobility. Cox is the thickness of an oxide film. 
W is the width of the gate of the MOS transistor, and L 
is the length thereof. 

The mobility \i of the MOS transistor decreases as 
its temperature increases. Hence, as temperature in- 
creases, both the current transfer ratio P and the drain 
current Iq decrease. Since the mobility of holes is much 
greater than that of electrons, diminutions in ^i, p and Iq 
of the pMOS transistor due to temperature variations are 
greater than those of the nMOS transistor. Thus, as 
shown in FIG.1C, the cross point@moves to a cross 
point®, and thus, the threshold level Vth of the CMOS 
inverter increases. This change in the threshold level 
Vth causes malfunctions of the input circuit. 

SUMMARY OF THE INVENTION 

It is a general object of the present invention to pro- 
vide a semfconductor integrated circuit in which the 
above disadvantage is eliminated. 

A more specific object of the present invention is to 
provide a semiconductor integrated circuit in which a 
variation in the threshold level of the input circuit due to 
temperature variations can be suppressed through an 
improvement in the power supply system. 

US 4 902 915 discloses a threshold control circuit 
which eliminates input trip point variation. There is de- 
scribed a semiconductor integrated circuit comprising : 
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an input circuit having a CMOS inverter of first and sec- 
ond series-connected transistors having respective 
gates connected in common at a connection node, the 
input circuit receiving an input signal at the connection 
node and emitting an output signal, said input circuit s 
having a threshold level which determines the level of 
the output signal of the input circuit with respect to the 
level of the input signal, the threshold level varying as a 
function of variattons of the temperature of the CMOS 
inverter; an internal circuit receiving said output signal io 
of said input circuit and a first power supply voltage, and 
power source means, coupled to said input circuit and 
having an output node, for receiving the first power sup- 
ply voltage and further receiving at a reference node a 
reference power supply voltage of a level different from 
the level of the first power supply voltage, for generating, 
at the output node, a second power supply voltage hav- 
ing a level which varies, independently of the input sig- 
nal 

According to the present invention, the power 20 
source means comprises an emitter folbwer circuit that 
delivers said second power supply voltage from a volt- 
age developed across a first resistor; a first current 
source delivering a first predetermined current through 
said first resistor; a second current source delivering 
through said first resistor a second predetermined cur- 
rent that increases with increasing temperature as a 
function of a voltage drop developed across afirst diode. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects, features and advantages of the 
present Invention will become more apparent from the 

following detailed description when read in conjunction 
with the accompanying drawings, in which; 

FIG.1 A is a block diagram of a conventional semi- 
conductor integrated circuit; 
FIG. IB is a graph of characteristics of pMOS and 
nMOS transistors which form a CMOS inverter; 
FIG.1C Is a graph showing a disadvantage of the 
CMOS inverter; 

FIG.2 is a block diagram showing an outline of the 
present invention; 

FIG. 3 is a circuit diagram of an input circuit shown 
in FIG.2; and 

FIG.4 is a circuit diagram of a temperature-compen- 
sated power source shown in FIG.2. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

FIG,2 shows an outline of the present invention. An 
integrated circuit shown in FIG.2 is composed of an in- 
put circuit 10. a temperature-compensated power 
source 1 2, an internal circuit 1 4 and an output circuit 16. 
The temperature-compensated power source 1 2. the in- 
ternal circuit 14 and the output circuit 16 are commonly 



connected to a power supply line L1, which is main- 
tained at a first power supply voltage Vcc (potential with 
respect to a ground level). The temperature-compensat- 
ed power source 12 generates a second power supply 
voltage Vcont which is immune to temperature varia- 
tions. That is. the second power supply voltage Vcont is 
constant even when the first power supply voltage Vcc 
changes due to a temperature variation. The internal cir- 
cuit 14 is, for example, a memory cell array, a logic cir- 
cuit, a gate array, a standard cell array or the like. The 
output circuit 16 includes, for example, a driving circuit 
for amplifying a signal from the internal circuit 14 and 
outputting an amplified signal to a next-stage circuit or 
an external device. 

As shown in FIG.3, the Input circuit 10 includes a 
CMOS inverter composed of a pMOS transistor Ql and 
an nMOS transistor Q2, both which are connected in se- 
ries between the power supply line L2 and the ground. 
An input voltage Vin Is applied to the gates of the pMOS 
and nMOS transistors Ql and 02. An output voltage of 
the CMOS inverter is applied, together with the input 
voltage Vin, to a gate circuit 14a of the Internal circuit 
14. As has been described previously, the threshold of 
the CMOS inverter increases as the temperature in- 
creases. The second power supply voltage Vcont gen- 
erated by the temperature-compensated power source 
12 decreases as the temperature increases. 

FIG.4 is a circuit diagram of the temperature-com- 
pensated power source 12 shown in FIG.2. As shown 
in FIG. 4, the temperature-compensated power source 
12 is composed of a temperature compensating block 
12A and a voltage setting block 12B. The temperature 
compensating block 1 2A is comprised of transistors Tl , 
T2 and T3, diodes D1 and D2 and resistors R1, F^, R3 
and R4. The voltage setting bkxjk 12B is composed of 
transistors T4. T6 and T6, and resistors R5, R6 and R7. 

The transistor Tl and the resistor R2 form a con- 
stant-current source, which generates a constant cur- 
rent II based on the resistor R2 and a fixed voltage Vs 
from an external circuit. The transistor T4 and the resis- 
tor R5 form a constant-current source, which generates 
a constant current 12 based on the resistor R5 and the 
fixed voltage Vs. The transistor T6 and the resistor R6 
form a constant-current source, which generates a con- 
stant current 13 based on the resistor R6 and the fixed 
voltage Vs. 

A current passes from the power supply line LI 
(Vcc) ^ ground line (having the ground level GND) 
via the resistor R1 , the base and emitter of the transistor 
T2. the diode D2, the base and emitter of the transistor 
T3 and the resistor R4. Thus, the transistors T2 and T3 
are ON, and a current 14 passes from the power supply 
line LI to the ground line via the resistor R7, the tran- 
sistor T3 and the resistor R4. At this time, a voltage drop 
is developed across the resistor R7 due to the currents 
12 and 14 and the base current of the transistor T5. The 
output voltage Vcont is equal to the voltage obtained by 
subtracting from the power supply voltage Vcc ^® sum 
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of the voltage drop developed across the resistor R7, 
and the base-emitter voltage V^e of the transistor T5 
(equal to about 0.8V)- 

For example. Vqc = 5.2V. Rl = 14kn, II = 0.2mA 
and 12 = 0.04mA. When Vg^ = 0.8V and the voltage drop 
ot the diode D2 Is = 0.8V, the emitter of the transistor 
T3 has a potential of OV. In this state, there is less cur- 
rent passing through the transistor T3 even though the 
transistor T3 is ON. Thus, normally, the base potential 
of the transistor T5, that is, the output voltage Vcont is 
determined by the current 1 2 and the resistor R7. 

The diode D2 has a voltage drop Vp Qunction po- 
tential) equal to about 0.8V in the ON state. The voltage 
drop Vp of the diode D2 decreases as the temperature 
increases. Thus, the current passing from the Dower 
supply line L1 to the ground line via Rl , T2, D2, T3 and 
R4 increases as the temperature increases, and thus 
the transistor T3 increases the current 14. Thus, the volt- 
age drop developed across the resistor R7 Increases, 
and the output voltage Vcont decreases. The magnitude 
of the decrease in the output voltage Vcont can be ad- 
justed by the collector current 14 and the resistor R7. In 
the manner described above, it becomes possible to 
suppress an increase in the threshold level Vth of the 
input circuit 10 due to an increase in the temperature. 

It can be seen from FIG.1C that the threshold level 
Vth of the input circuit 10 can be adjusted by adjusting 
the power supply voltage Vcont applied to the input cir- 
cuit 1 0. That is, although the cross pointOtends to move 
to the cross point®, when the temperature increases, 
because the power supply voltage Vcont decreases as 
the temperature increases, a decrease in the power 
supply voltage Vcont prevents the cross point® from 
moving to the cross point®. In this manner it becomes 
possible to maintain the position of the cross point® 
even though the temperature changes. 



Claims 

1. A semiconductor integrated circuit comprising : 

- an input circuit (10) having CMOS inverter (Ql . 
Q2) and receiving an input signal, said input cir- 
cuit having a threshold level (Vth) which deter- 
mines an output level ot the input circuit with 
respect to the input signal; and 

- an internal circuit (14) receiving said input sig- 
nal via said input circuit, said internal circuit re- 
ceiving a first power supply voltage (Vcc); 
power source means (1 2) coupled to said input 
circuit for generating a second power supply 
voltage (Vcont) applied to said input circuit so 
that said second power supply voltage changes 
to cancel a change In the threshold level due to 
a temperature variation; 

characterized in that said power source 



means (12) is comprised of an emitter follower cir- 
cuit (T5) that delivers said second power supply 
voltage (Vcont) from a voltage developed across a 
first resistor (R7); 

5 

a first current source (T4. R5) delivering a first 
predetermined current through said first resis- 
tor (R7); 

a second current source (D2. T3, R4) delivering 
10 through said first resistor a second predeter- 

mined current that increases with increasing 
temperature as a function of a voltage drop de- 
veloped across a first diode (D2). 

IS 2. A semiconductor integrated circuit as claimed in 
claim 1, characterized in that said power source 
means increases the second power supply voltage 
(Vcont) as the temperature decreases and decreas- 
es the second power supply voltage (Vcont) as the 

20 temperature increases. 

3. A semiconductor integrated circuit as claimed in 
claim 1, characterized in that said emitter follower 
circuit comprises: 

25 a transistor (T5) having a collector receiving 

said first power supply voltage, an emitter at which 
said second power supply voltage is obtained, and 
a base, whereby the voltage developed across said 
first resistor is applied to the base of said transistor 

30 as a base voltage so that the base voltage changes 
due to the temperature variation responsive to var- 
iations in temperature of the CMOS inverter. 

4. A semiconductor integrated circuit as claimed in 
35 claim 3, characterized in that the base voltage is 

generated such that the base voltage decreases as 
the temperature increases. 

5. A semiconductor integrated circuit as claimed in 
40 claim 1, characterized in that said power source 

means comprises: 

a first transistor (T2) having a collector receiv- 
ing said first power supply voltage, a base and 

45 an emitter; 

a third constant-current source (T1, R2) con- 
nected between the base of said first transistor 
and the reference node set at the reference 
voltage, which is lower than said first power 

50 supply voltage; 

a third resistor (Rl ) connected between the col- 
lector and base of said first transistor, 
said first diode (D2) having an anode connect- 
ed to the emitter of said first transistor and a 

55 cathode; 

a second transistor (T3) having a base connect- 
ed to the cathode of said first diode, a collector 
and an emitter connected through a conductive 
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path to the reference node; 
a second resistor (R3) coupled between the 
base of said second transistor and said refer- 
ence node; 

a third transistor (T5) having a collector receiv- 
ing said first power supply voltage, a base con- 
nected to the collector of said second transistor, 
and an ennitter at which said second power sup- 
ply voltage is obtained; 

said first resistor (R7) connected between the 
collector and base of said third transistor; 
said first constant-current source (T4, R5) con- 
nected between the base of said third transistor 
and said reference node; and 
a fourth constant-current source (T6, R6) con- 
nected between the enaitter of said third tran- 
sistor and said reference node. 

6. A semiconductor integrated circuit as claimed in 
claim 5, characterized in that said power source 
means comprises a second diode (D1) having an 
anode connected to the cathode of said first diode, 
and a cathode connected to the base of said first 
transistor. 

7. A semiconductor integrated circuit as claimed In 
claim 6, characterized in that said first, third and 
fourth constant-current sources have respective 
terminals receiving a common control voltage (Vs) 
which determines the amounts of constant currents 
respectively generated by said first, third and fourth 
constant-current sources. 

8. A semiconductor integrated circuit as claimed in 
claim 1 , characterized by further comprising an out- 
put circuit (16) amplifying an output signal from said 
internal circuit, said output circuit receiving said first 
power supply voltage (Vcc)- 

9. A semiconductor integrated circuit as claimed in 
claim 1, characterized in that said second power 
supply voltage (Vcont) is lower than said first power 
supply voltage (Vcc)- 



Patentanspruche 

1 . Integrierte Halbleiterschaltung mit: 

einer Eingangsschaltung (10), die einen 
CMOS-Inverter (Q1 , Q2) hat und ein Eingangs- 
signal empfangt, welche Eingangsschaltung ei- 
nen Schwellenpegel (Vth) hat, der einen Aus- 
gangspegel der Eingangsschaltung bezOglbh 
des Eingangssignals bestimmt; und 
einer internen Schaltung (14), die das Ein- 
gangssignal durch die Eingangsschaltung 
empfangt, welche interne Schaltung eine erste 



EnerglezufOhrspannung (Vqc) empfangt; 
einem Energiequellenmlttel (12), das mit der 
Eingangsschaltung gekoppelt ist, zum Erzeu- 
gen einer zweiten EnerglezufOhrspannung 
s (Vcont), die auf die Eingangsschaltung ange- 

wendet wird, so, daQ sich die zweite Energle- 
zufOhrspannung verandert, um eine Verande- 
rung des Schwellenpegels auf Grund einer 
Temperaturschwankung zu unterdrOcken; 

10 

dadurch gekennzeichnet, daB das Energie- 
quellenmlttel (12) eine Emitterfolgerschaltung (T5) 
umfaBt. die die zweite Energiezufuhrspannung 
(Vcont) aus einer Spannung liefert, die srch quer 
75 Ober einen ersten Widerstand (R7) entwickelt; 

eine erste Stromquelle (T4, R5) durch den er- 
sten Widerstand (R7) einen ersten vorbe- 
stimmten Strom liefert; 

so eine zweite Stromquelle (D2, T3, R4) durch den 

ersten Widerstand einen zweiten vorbestimm- 
ten Strom liefert, der mit zunehmender Tempe- 
ratur als Funktion eines Spannungsabfalls, der 
sich quer Ober eine erste Diode (D2) entwikkelt, 

ss zunimmt. 

2. Integrierte Halbleiterschaltung nach Anspruch 1, 
dadurch gekennzeichnet, daB das Energiequellen- 
mlttel die zweite Energiezufuhrspannung (Vcont) 
30 erhoht, wenn die Temperatur abnimmt. und die 
zweite Energiezufuhrspannung (Vcont) verrlngert, 
wenn die Temperatur zunimmt. 



3. Integrierte Halbleiterschaltung nach Anspruch 1, 
35 dadurch gekennzeichnet. daB die Emitterfolger- 
schaltung umfaBt: 

einen Transistor (T5), mit einem Kollektor. der 
die erste Energiezufuhrspannung empfangt, einem 
Emitter, an dem die zweite Energiezufuhrspannung 

40 erhalten wird. und einer Basts, wodurch die Span- 
nung, die sich quer Ober den ersten Widerstand ent- 
wickelt, auf die Basis des genannten Transistors als 
Basisspannung angewendet wird, so daB sich die 
Basisspannung auf Grund der Temperaturschwan- 

45 kung als Reaktion auf Temperaturschwankungen 
des CMOS-Inverters verandert. 

4. Integrierte Halbleiterschaltung nach Anspruch 3, 
dadurch gekennzeichnet, daB die Basisspannung 

so so erzeugt wird, daB die Basisspannung abnimmt. 
wenn die Temperatur zuninnmt. 

5. Integrierte Halbleiterschaltung nach Anspruch 1, 
dadurch gekennzeichnet. daB das Energiequellen- 

ss mittel umfaBt: 

einen ersten Transistor (T2), mit einem Kollek- 
tor, der die erste Energiezufuhrspannung emp- 
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fangt, einer Basis und einem Emitter; 

eine dritte Konstantstromquella (Tl, R2), die 

zwischen der Basis des ersten Transistors und 

dem Referenzknoten, der auf die Referenz- 

spannung eingestellt ist, die niedriger a!s die s 

erste EnergiezufOhrspannung ist. verbunden 

ist; 

einen dritten Widerstand (Rl), der zwischen 
dem Kollektor und der Basis des ersten Tran- 
sistors verbunden ist; 10 
die erste Diode (D2), mit einer Anode, die mil 
dem Emitter des ersten Transistors verbunden 
ist, und einer Kathode; 

einen zweiten Transistor (T3), mit einer Basis, 
die mit der Kathode der ersten Diode verbun- '5 
den ist, einem Kollektor und einem Emitter, der 
durch einen leitfahigen Weg mit dem Referenz- 
knoten verbunden ist; 

einen zweiten WkJerstand (R3), der zwischen 
der Basis des zweiten Transistors und dem Re- 20 
ferenzknoten gekoppelt ist; 
einen dritten Transistor {T5), mit einem Kollek- 
tor, der die erste EnergiezufOhrspannung emp- 
fangt. einer Basis, die mit dem Kollektor des 
zweiten Transistors verbunden ist. und einem 
Emitter, an dem die zweite EnergiezufOhrspan- 
nung erhalten wird; 

den ersten Widerstand (R7). der zwischen dem 
Kollektor und der Basis des dritten Transistors 
verbunden ist; 

die erste Konstantstromquelle (T4, R5), die 
zwischen der Basis des dritten Transistors und 
dem Referenzknoten verbunden ist; und 
eine vierte Konstantstromquelle (T6, R6), die 
zwischen dem Emitter des dritten Transistors 3S 
und dem Referenzknoten verbunden ist. 



nung (Vqc) empfangt. 

9. Integrierte Halbleiterschaltung nach Anspruch 1. 
dadurch gekennzeichnet, daB die zweite Energie- 
zufOhrspannung (Vcont) niedriger als die erste En- 
ergiezufOhrspannung (Vqq) ist. 



Revendlcations 

1. Circuit Intdgrd k semiconducteur comprenant : 

un circuit d'entree (10) poss6dant un inverseur 
CMOS (Q1 , Q2) et recevant un signal d'entree, 
ledit circuit d'entree ayant un niveau de seutl 
(Vth) qui determine le niveau de sortie du circuit 
d'entree par rapport au signal d'entree ; et 
un circuit interne (14) recevant ledit signal d'en- 
tree via ledit circuit d'entree, ledit circuit interne 
recevant une premiere tension d'alimentation 
diectrique (Vqc). 

un moyen tormant une source d'alimentation 
electrique (1 2) coupl6 audit circuit d'entree afin 
de produire une deuxidme tension d'alimenta- 
tion electrique (Vcont) appliquee audit circuit 
d'entree de iagon que ladite deuxifeme tension 
d'alimentation electrique varie dans un sens 
propre a annuler la variation du niveau de seuil 
due k une variation de temperature ; 

caracterise en ce que ledit moyen formant 

une source d'alimentation electrique (12) comprend 
un circuit k montage en 6metteur suiveur (T5) qui 
deiivre ladite deuxifeme tension d'alimentation elec- 
trique (Vcont) k partir de la tension creee aux bor- 
nes d'une premiere resistance (R7) ; 



6. Integrierte Halbleiterschaltung nach Anspruch 5, 
dadurch gekennzeichnet. daB das Energiequellen- 
mittel eine zweite Diode (D1 ) umfaBt. mit einer An- 40 
ode, die mit der Kathode der ersten Diode verbun- 
den ist, und einer Kathode, die mit der Basis des 
ersten Transistors verbunden ist. 

7. Integrierte Halbleiterschaltung nach Anspruch 6, 
dadurch gekennzeichnet. daB die ersten, dritten 
und vierten Konstantstromquellen jeweilige An- 
schlusse haben, die eine gemeinsame Steuerspan- 
nung (Vs) emptangen, die die Betrage von Kon- 
stantstromen bestimmt. die jeweilig durch die er- so 
sten, dritten und vierten Konstantstromquellen er- 
zeugt werden. 

8. Integrierte Halbleiterschaltung nach Anspruch 1. 
dadurch gekennzeichnet, daB sie ferner eine Aus- ss 
gangsschaltung (16) umtaBt, die ein Ausgangssl- 
gnal von der internen Schaltung verstarkt. welche 
Ausgangsschaltung die erste Energiezutuhrspan- 



une premiere source de courant (T4, R5) deii- 
vrant un premier courant predetermine via ladi- 
te premiere resistance (R7) ; 
une deuxifeme source de courant (D2, T3, R4) 
deiivrant, via ladite premiere resistance, un 
deuxieme courant predetermine qui augmente 
lorsque la temperature augmente en fonction 
d'une chute de tension creee aux bornes d'une 
premiere diode (D2). 

2. Circuit integre k semiconducteur selon la revendi- 
cation 1 . caracterise en ce que ledit moyen formant 
une source d'alimentation electrique augmente la 
deuxieme tension d'alimentation electrique (Vcont) 
lorsque la temperature diminue et diminue la 
deuxieme tension d'alimentation electrique (Vcont) 
lorsque la temperature augmente. 

3. Circuit integre k semiconducteur sebn la revendi- 
cation 1 . caracterise en ce que ledit circuit k man- 
tage en emetteur suiveur comprend : 
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un transistor (15) possedant un collecteur qui 
revolt ladite premiere tension d'allmentatlon 6l8ctri- 
que. un §metteur sur tequel ladite deuxi^me tension 
d'aiimentation ^lectrique est obtenue, at une base, 
de sorte que la tension cr66e aux bornes de ladite 
premiere resistance est appliqu^e h la base dudit 
transistor au titre de tension de base de fagon que 
la tension de base varie du fait de la variation de la 
temperature en reponse aux variations de tempe- 
rature de I'inverseur CMOS. 

4. Circuit int6gr6 a semiconducteur selon la revendi- 
catton 3, caract^risd en ce que la tension de base 
est produite de fa^on que la tension de base dimi- 
nue lorsque la temperature augmente. 

5. Circuit integre k semiconducteur selon la revendi- 
cation 1 , caracteris6 en ce que ledit moyen formant 
une source d'aiimentation eiectrique comprend : 

un premier transistor (T2), possddant un collec- 
teur qui re^oit ladite premiere tension d'aiimen- 
tation eiectrique, une base et un emetteur ; 
un troisieme source de courant constant (T1, 
R2), connectee entre la base dudit premier 
transistor et le noeud de reference fixe S la ten- 
sion de reference, laquelle est inferieure k la- 
dite premiere tension d'aiimentation 
eiectrlque ; 

une troisieme resistance (R1 ), connectee entre 
le collecteur et la base dudit premier transistor ; 
ladite premiere diode (D2), poss6dant une ano- 
de qui est connectee k Temetteur dudit premier 
transistor et une cathode ; 
un deuxieme transistor (T3), possedant une ba- 
se qui est connectee k la cathode de ladite pre- 
miere diode, un collecteur et un 6metteur qui 
est connecte via un trajet conducteur au noeud 
de reference ; 

une deuxieme resistance (R3)» coupiee entre 
la base dudit deuxieme transistor et ledit noeud 

de reference ; 

un troisieme transistor (T5), possedant un col- 
lecteur qui revolt ladite premiere tension d'aii- 
mentation eiectrique, une base qui est connec- 
tee au collecteur dudit deuxieme transistor, et 
un emetteur sur lequel ladite deuxieme tension 
d'aiimentation eiectrique est obtenue ; 
ladite premiere resistance (R7), connectee en- 
tre remetteur et la base dudit troisieme transis- 
tor, 

ladite premiere source de courant constant (T4, 
R5), connectee entre la base dudit troisieme 
transistor et ledit noeud de reference ; et 
une quatrieme source de courant constant (T6. 
R6). connectee entre remetteur dudit troisieme 
transistor et ledit noeud de reference. 



6. Circuit integre k semiconducteur selon la revendi- 
cation 5, caracteris6 en ce que ledit moyen formant 
une source d'aiimentation eiectrique comprend une 
deuxieme diode (D1) possedant une anode qui est 

s connectee k la cathode de ladite premiere diode et 
une cathode qui est connectee k la base dudit pre- 
mier transistor. 

7. Circuit integre k semiconducteur selon la revendi- 
10 cation 6, caracterise en ce que lesdites premiere, 

troisieme et quatrieme sources de courant constant 
ont des bornes respectives recevant une tension de 
commande commune (Vs) qui determine les inten- 
sltes des courants constants respectlvement pro- 
is duits par lesdites premiere, troisieme et quatrieme 
sources de courant constant. 

8. Circuit integre k semiconducteur selon la revendi- 
cation 1, caracterise en ce qu'il comprend en outre 

20 un circuit de sortie (16) amplifiant le signal de sortie 
dudit circuit interne, ledit circuit de sortie recevant 
ladite premiere tension d'aiimentation eiectrique 

(Vqc)- 

2S 9. Circuit integre k semiconducteur selon la revendi- 
cation 1 , caracterise en ce que ladite deuxieme ten- 
sion d'aiimentation eiectrique (Vcont) est inferieure 
k ladite premiere tension d'aiimentation eiectrique 
(Vcc). 
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